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A historical account of eariier radioecological studies together
with 2 basic deseription of the Columbia River, its chemical and physical
characteristics, and the extent of the drainage basin have been reported
(3, ¥,

Changes modifying river conditions have taken place since tha studiles

conducted before 1956 and those of this report which were conducted

~ by A bR

between February 1966 and September 1967. The number and loecation of the

operating reactors have changed with time (Fig. 1). As many as eight

reactors were in opveration during the studies prior to 1956. In late

L R LN N S I S A
PRI A IO ) ™
: rhplm o

196k and early 1965 three reactors closed, and a fourth was shut down during

the course of this investigation in 1967. The effect of the early reactor

closures on the concentrations of radionuclides in the river biocta has

been reported (9). Six reactors were operating during most of this

study. One of these, 100-N, has a closed primary cooling system with

river water used as a gecondary coolant. Effluent from this reactor normally

containg no radicactive materials, but does introduce heat into the river.
During this study the discharge of radionuclides into the river was

interrupted for more than U0 days in July and August of 1966 whem all

reactors were shut down during a labor dispute. This was the first time

since the start of plant operation in 194k that all reactors were simul-

taneocusly out of operation. This disrupted the study of seasonal cycles

of radionucljde concentrations in the river organisms, but provided a& unique

opportunity to observe the decline and subsequent accumulation of radio-

activity in the bilota during reactor closure and resumption of operation

{11, 12). This reactor closure necessitated an extension of this study

into 1967 to measure the "normal" seasonal values durina'the surmer
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RADIOECOLOGICAL STUDIZS
I THE

COLUMBIA RIVZR

IRFTROBUCTION

The use of Columbia River water as a reactor coclant and the sub-
sequent dischargze of this cooling water into the River introduces a
number of radicactive elements into the river enviromment. These radio-
nuclides are produced by the neutron activation of stable elements in
solution in the cooling water and the sloughing off of radicactive

corrosion products from the surfaces of the reactor cooling tubes. The
relationships of these radicactive materials to river organisms have
been studied since reactor overations began in 194k (1-10). Radioanalyses
in the earlier studies (3, 4), dealing mainly with seasonal variations,
species differences, and geographical distribution of radicisotopes by
the river biota, were confined to the messurement of total beta emitter
activity and to the estimation of relative amounts of phosphorus-32
through decay curve analysis.

The purpose of this study is (1) to define the interspecies and
seasonal variations in the concentration of several of the more biolog-
icelly important radiocnuclides, and (2) to update the findings of some

of the earlier investigations.
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The establishment of hydroelectric damsg upstream from HEanford has
modified the river envirconment. Between 1956 and 1967 three low-head
- damsg wers built at distances from 20 4o 1kT k= upstream from the reactors.

Priest Rapids Dam, immediately upstreaxm from the Hanford Reservation, exerts

o+
i
1]
i

reatest influence on the local river conditions. River plankiocn

species composition and quantity have changed markedly (13). Dominant
species are lentic rather than lotic, The retention and release of water

at Priest Raplds, to satisly varying daily elecirical power dexzands, produces
average diurnal river elevation fluctuations of 1.8 m, with maximum as

high as 3.8 m immediately downstream (Fig. 2). Daily fluctuatious of 2 m
vere caommon near our sampling sites.

Diurnal changes in river flocw were correspondingly great, with the
maximum often more than double the minimum. A low-head dam, such as that
at Priest Rapids, exerts its greatesi influence during average or low
flow pericds (fall and winter), and least during the freshet (spring and
early summer),

These changes in hydrographic conditions have destroyed much of the
littoral zone productivity. Near-shore production of benthic forms,
particularly sessile slgae, has been reduced due %o restrictions in light
penetration resulting from higher turbidiiy and greater mean water depth
because of dlurnal water level fluctuations. The stability of shoreline
habitat uced as feeding and resting areas by immature fish is destroyed.
The rapid variations in river alevaticn have nearly eliminated organisms
such as crayfish and water boetmen (Corixidae) from littoral zcne areas

of former atundance.
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METHODS

All samples, except large fish, were collected nezr 100-F area
(Fig. 1), about 13.5 km downstream from the nearest reactor efZluent
cutfall in a zone of nearly complete ef?luent nixing., The sampling site
waz characterized by a gently sloving bottom, substrate ranging in size
from fine sediment to rubble b dm in diameter (average approximately 1 dm),
and water depth fluctuating daily from 0.5 to more than 2 m.

Samples were cbtained by wading during morning low water pericds.
Plankton was collected with TO u mesh nets susvended in the river currents,
periphyton and invertebrates were picked or scrared from stones from
the bottom, and small fish were collected with a hand seine in small
inlets alecng shore. All samples were usually orocessed and submitted
for radicactivity measurement within 2 hr after collection.

Large fish were collected near White Bluffs in an arealabout 11 k=
downstream from the nearest reacior where low current velocities
permitted the use of gill nets. They were refrigerated until processed

in the laboratory, usually on the day of collectionm.

Sample processing was as follows:

(1) Periphyton, sponge, caddisfly larvae - washed in river water,
debris ramoved, axcess moisture blotted with paper towels.

(2) Plankton - water decanted from settled sample, excess moisture
blotted with paper towels,

{3) To standardize the removal of surface moisture, the atove

samples were placed in 20 ml plastic tubes with a water

P TINE T AI  w
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and neptunium-239. Data transferred to punch cards for computer
analyses. |

(b) Initial ccmputation of concentrations of gamma emitters was

‘ -made by use of the GEM pregram (15); further analyses were

made on cutput from a FORTRAN program,

Beta emitter analyses:

(1) Total beta - a single aliquot of 1 to 1.5 g wet wt spread evenly
and dried on a 1" stainless steel plancheti, counted with a wide
beta, thin window, gas flow proporticnal analyzer.

(2) Phosphorus-32 - measured by a differential absorber technique
(14), on the same sample and counting system used for total

beta. A decay period of 7 to 10 days allowed before counting
Tfor phosphorus-32 for decay of interfering short-lived radio-

auclides.

(3) Results were calculated on a special ccmputer progranm.

Standard weights:

(1) One to five grams wet sample taken on each series of samples,
dried at 60 C and 15" of mercury vacuum for 2L hr for standard
dry weight determination,

(2) Sample then ashed at 425 € for a minimum of 2L hr for determin-
ation of ash weight.

(3) ALl samples coocled to room temperature in a dessicator before

welghing.
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reservolr in the bottom and centrifuged for 5 min; caddis fly
larvae at TOO rpm, remsinder at 2000 rpm,

Limpets - sediment and algae washed from shell, steaﬁed over a
water bath for about 3 min, shell and soft parts separated.
Small fish - surface moisture blotted, gut contents removed,
mascerated to form a homogenate.

Large fish (a%t least 6 individuals of each species sampled
when available) - gut céntents removed, sample from anterior
gut retained for radicanalysis, fish separated into muscle

and "carcass" (remainder) fractioms, ground to a homogenate,

Gamma emitter analyses:

(1)

(2)

(3)

Plankton, periphyton, sponge, caddisfly larvse, limpets, small
figsh, and large fish gut contents - three aliguots of about

b m) equivalent volume placed in the bottom of 20 ml glass

test tubes, 1 ml 10% formalin added to inhibit decay.

Large fish.muscle and "carcass" - a 125 %o 500 ml equivalent
volume of each tissue from each fish put in 500 ml polyethylene
bottle.

Gamma measurement done with either a 3" x 3", or 9" x 11"

NaeI well crystal with readout on a 400 channel analyzer.
Measurements were made for the following radionuclides: sodium-2k,
scandium-46, chromium-51, manganese-S4, iron-59, cobalt-&0,
zinec-65, zirconium-niobium-95, ruthenium-rhodium-106, iodine-131,

cesium-137, barium-140, lanthanum-1Lt0, cerium-praseodymium-1hl,
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variations in water radicactivity are inversely felated to river flow,
This is apparent by comparison of seascnal trends in Fig. 2 with
variations in river flow shown in Fig. 3. '

Factors cother than dilution may also influence the radiocnuciides in
solution in river water. Zinc-65, manganese-Sk, zirconium-niobium-35,
iron-59, and scandium-46 are associated mainly with particulates (17)
and the concentrations of these isotopes in solution would be reduced by
suspended silt in the River. These nuclides are depleted more rapidly
with transport dovnstream than is chromium-31, for instance, which
remains mainly in solution.

The concentrations of some radionuclides in water were slightly
higher in 1967 than previously reported measurements, In September 1957,
the zine-65 and chromium-51 values were 89 pCi/l and 2000 pCi/l, respec-—
tively (T); in September 1967, they were 200 pCi/l1 and 4000 pCi/l1,
respectively. The 1557 measurements were made on a single grab sample
and may be less representative than the analyses of integrated samples

in 1967.

River organisms

Some of the 15 radionuclides for which analyses were made in the

river biota were not present consistently and in sufficient amounts to

be useful in demonstrating seasonal trends. Concentrations of phosphorus-32,

zine-65, chromium-51, manganese-54, iron-59, zirconiur-niobium-25, and,
in scme instances, scandium-Lf were measureable in most organisms

taroughout the year. To permit comparison with results of earlier




Stable element analyses:
Measured by flame spectroscopy (Na, K), colorimetric (P), and ateomic

ehsorption (Ca, Mg, Cu, Zn, Fe, Mn, Cr, and Co) techmniques:

RESULTS AND DISCUSSION
Hater

A number of radionuclidés are introduced inte the river in the
reactor effluents but only a few are of biological significance. Scme
with ghort half-lives are gquickly lost from the ecosystem through radico-
active decay, while others are not accumulated to any extent by the river
biota. Zinc-65 and phosphorus-32 are the radionuclides of greatest bio-
logical importance and chromium-51 is the most sbundant. At Richland,
about 45 ¥m downstream from the reactors, chromium-51 accounts for
approximately S50% of the total radicactivity in the water, and zinc-65
and phosphorus-~32 contribute 2% and 1%, respectively (16).

The concentrations of chromium-51, zinc-~-65, and phosphorus-32 in
water, collascted with z continuous sampler near the organism sampling
sites, are given in Fig. 2. The 1967 values for July through September
replace the measurements for the same period in 1966 when the normal
Beasonal patterns were disrupted by the previously menticned reactor
closures. This replacement of one year's values for those of another
is made with the realization that the precise pattern and quantity of radio-
Nuclides in the water may vary in consecutive years, but this approach
is considered reasonable for the general illustration of seasonal

trends., The effluent discharge rate is relatively constant so seasonal
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studies (3, 4), analyses wers also made for total beta activiity which

wvill be discussed later. Sodium-24 was present in most biological
materials, but its relatively short helf-life (15 hrs), the lapse of
several days between collection and lab processing and subsequent
radioactivity counting, and the associated uncertainty of decay corrections,
made the analytical results for this isotope questionable. Consequently
they are not discussed in this reccrt. The mean values of radicnuclide
concentrations in all samples are presented in Appendices A and B.

The seasonal variations In concentrations of phosphorus-32, zine-65,
chromium-51, manganese-5h, iren-59, and zirconium-niovium-95 in repre-
sentative river organisms are shown in Figs. 4 to 21, Similar to the
treatment of the water data, the 1967 July through September biota
values are substituted for the same values in 1966 when the reactor
shutdown altered normal seasonal patterns. Values plotted on the graphs
are the means of replicate apnalyses, when available, Values less than
twice the asscociated counting and computation error were rejected and
treated as zero in the calculation of the meen values. This tended to
produce many zero values, shown as baseline points in the Figures, during
seagsons of the year when concentrations of certain radionuclides
fluctuated around this cut-off point. This is particularly evident for
the manganese-S4 and zirconium-nicbium-95 levels in net plankton (Figs.

5 and 6).

Variation in river flow, which produces changes in the dilution of
the reactor effluents, and river temperature, which affects metabolic
rate, are two of the most influential factors in the control of radio-

nuclide content of the river biota. Comparison of river f{low and



39

2 377 2

2

—-11=

W NGLLYALINTE NOTIYATT

o~

14

sy u ‘MO
g g g =
= a) o=
1 T - { =3
=c w lr_l
==
=3 = 4
= v 2 —
[
25 55
= =]
= o Frafiewd =
— =1 ) =
w —_ S =
&< < ud <
=82 > o ul o
MS rl[. — o
mmﬂ Al|||.t Lad -Ul ]
Wu \b. lﬂlﬂka re)
= o
B2 — A
w bl <
-
—
=
.
-
=
Lo
-
(=
=
[=]
R%a]
<
-
-
=
-
=
-
ey
-
1

3, ‘WNL7YIIWL

1967

1966

FLOW AND DIURNAL

COLUMBIA RIVER MEAN WEEKLY TEMPERATURE,

ELEVATION FLUCTUATION

FIGURE 3,



3

i

37 7 2

9 21 2

-1l

1 DOGOOR

Mﬂnrlumuu {if 2 o "W '”9“

L J

FIGURE 6.
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PERIPHYTON
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temperature (Fig. 3) with the seasonal fluctuation in radionuclide
burden in the organisms shows this relationship. In general, miniaum
levels for most radionuclides in both plant and animal forms occurred
during the late spring and early summer, and were primserily the result
of maximum dilution of reactor effluents by the annual freshet. High
turbidity, which limits autotrophic metabolism through the restriction
of light, and increased quantity of suspended sediments offering more
sites for isotope adsorption also contribute to the lower concentrations
of radionuclides during periods of high flow.

The season of maximum radionuclide burden was different in plant
and animal forms. Highest levels in animals usually occurred in late
surmer and early fall when river flows were decreasing and water temper-
atures were at the yearly maximum. The slight increase in radionuclide
concentrations accompanying the syring rise in river temperatures was
reversed by dilution of the annusl runoff, Concentrations in the auto-
trophic organisms, plankton and periphyton, showed maximums In late fall
and winter when both flow and temperature were at a minimum, and radio-
auclide concentrations in the water at a maximum.

Phosvhorus-32 was generally the most abundant nuclide in the biota
and showed a relatively large seasonal variation. Differences hetween
the annual minimums and maximums ranged from 10 to 100 fold, and greatest
Seasonal changes occurred in large fish tissues. Concentrations of
200,000 pCi phosphorus-32/z dry wt were observed in periphyton and there

was a general decrease in concentration with progressively higher trophic

levels. The comparatively high levels of thosphorus-32 in river organisms

are due o the low concantrations c¢f stable phosphorus in the river water

T T
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FIGURE 20. CONCENTRATIONS OF PHOSPHORUS-32, ZINC-65, IRON-59,
AND ZIRCONIUM~-NIQOBIUM-95 IN LARGESCALE SUCKER
GUT CONTENTS, Catcostomus macrocheilus
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FIGURE 21. CONCENTRATIONS COF CHROMIUM-51, MANGANESE-54,
AND SCANDIUM-46 IN LARGESCALE SUCKER GUT CONTENTS,
Catostomus macrocheilusg
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in trovhic level, with very lititle seasonal fluctuation evident in fish.
This is partly due to the long effective hal?-life of this element in
fish. In rainbow trout, a half-life of 134k days has been reported
(19), and is probably similar in other fishes.

Chromium-51 was the most abundant radicnuclide in plankton and
periphyton, was neasrly as plentiful as phosphorus-32 and zinc-635 in
the invertebrates, but was absent or infrequently observed in fish
mﬁscle. It was consistently found in fish "carcass," the portion that
inecluded the outer surface of the animals, PRadiochromium is of litile
biological importance as a metabolite, but because of its relative
abundance in the water (Fig. 2), much is adsorbed on the outer surfaces
of river organisms. Iis seagsonal variation is much less than that of
phosphorus-32 with the maximum cencentration usually less than 20 times
the minimum. The gut contents of the invertebrates, caddisfly larvae
and limpets, are ccmposed larzely of algae and detritus, and contribute
significantly to the chromium-51 burden in these apnimals,

The geascnsal pattern of gonceutrations of manganese-Si, iron-59,
and zirconium~niobium~-95 were similar with the maximum ususlly less
than 20 times the minimum. Both iron-59 and manganese-Sk showed little
seasonal change in fish and zirconium-niobium-25 was not found often

enough to show seasonal trends.

Total Beta Comnarisons

The usefulness of total beta activity measurements is of limited

value tecause of the varying influence of contributing radionuclides,
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(ca 0.01 pom POy} and to its high biological concentraticn {13), thus
enhancing the realative a-ounts of radicactive phcschorus.

Zinc-65 was generally the second most abundant radiocelement in the
biota. +s concentrations and seasonal variztions were almest identical
to those of phosphorus-32 in.net plankton. Its concentraticns in
perighyton, comgposed mainly of sessile plant forzs, was avpreciably
lover than that of vhosphorus-32. The net plankton, primarily phyto-
plankton, is derived to a2 large extent from the river upsireaz from the

reactor outfalls, although the sloughing of radicactive periphyton down-

stream from the reactors contributes to the radionuclide burden of the
plankton that was collected in this study. The expesure of the planxicn
to the reactor e luents is relatively brief and equal tc the few hours

necessary for the river io travel from the points of elfluent discharge

to the collection site. Plankton exposure to radionuclides is confined

ta those contained in the water mass in which it ig traveling and there-

2

fore reflects short term fluctuations in the radiocactivity of the water.

9

Much of its radiocactivity is adsorbed to the outer surface and nct
assimilated by the algal cells. Although both the planiton and periphyton
have large surface to volume ratios making surface adsorption an izportant
route of uptake, the periphyton, because of its Tiied positicn &Cts as

an integrater and reflects s smoother seasonal pattern of acewmulation.

A definite surmer decrease in zinc-65 in periphyton was ocserved in 1863

PN "

£4 (10}, but is nn- =2z evident in the Tew samples avallzlle curing tiov

[$1)

E

he present study.

ct

hign water peric

-~
[

Seasonal variations in zinc-83 cencentrasticn: dzarzane witn InzsTaoss
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COMPARISON OF TOTAL BETA CONCENTRATION

IN RIVER ORGANISMS FOR THE YEARS 1952,

1955, AND 1966-67
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Total beta analyses do offer & basis, however, for comparing measursments
obtained prior to 1956 with those of this study. The direct comparison
af the amounts of beta radicactivity found in the present study with that
6f eerlier investizations is hampered by (1) the number of operating
reactors, and hence effluent oufput, changed with tize, (2) modifications
in eccling water treaitment that altered ithe character of the effluent in
teras of exzounts and relative proportions of certaln radionuclides, and
(3) changes and refinement of beta measurenent in the biological materials.
Figure 22 presents the seasonal concentrations of total beta activity

in, four organisms during 1952, 1955, and 1966-67T.

In general, seasonal fluctuations and levels were similayr for the

plankton, caddisfly larvaee, and largescale sucker muscle. This is especizally

rezarkable when cne considers the changes which occurred in the River
during this period as mentioned in the Introduction.

Net plankton concentrations were generzlly higher in 1952 and the
time of the lowest concentrations was in June, a month earlier than in
1955 and 1966-67. Data for caddisfly larvae and largescale sucker are
not complete enough for comparison of seasonal trends. Similar patterns,
however, and levels of activiity are evident where comparison is possible.

Trends in the concentrations of total beta activity in the redside
shiners, however, appeared to be different during the January to June

eriod of the three years, but similar in late sumer and fall, Sesscnal

"

low values gcourrsd at successively later dates; in February in 1952,

March and April in 1995, and mid-summer in 19€6-67.

iy

shows the total beta conceatrations in several repre-

1al

izure Z
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sentative species at four seasons for the years 1955 and 1966-67.
Diffarences between svecies is greatest during the first guarter
of the vear when water temrerature and Zlow are near the minimoum;
leass diffarences ocecur during the seccend and third quarters of the
year wnen higher temperatures enhance the metabolism of many of the
anizal species, and river flows are declining and approaching the annual
ninimua . A decrease in activity with progression up the trophic
levels is very apparent in the first half of the year. This relation-
skiy changes in the third quarter when the activities in many of the
animals approach or exceed the concentrations in net plankton.

In spite of the changes in reactor operation and sample analyses

that linit the direct ccmparison of guantities of beta activity found

J

1

1 this study with that of earlier investigations, one would expect a
greater change with time than is indicated in Fig. 23. With most
organisms and at all seasons of the year, the concentrations of beta
activity in 1966-67 are much the same as that of 1955. In 1955,
eigh% reactors wers operating, and only five in 1966-67. This would
seem %o indicate that the accumulation of radiocactive materials by
the river bicta is not directly related to the number of operating

reactors, but to the total radiocactivity in the effluents.

Gazma Comparisons

fnnl=ical capabilitins for measuring concentrations of garma

en perfected since results of many of the early

¥
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Sivar grudias wara complated, Hence, relatively few gamma measurasments
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TABLE 1.

River Organisms 1957-67

h6Sc 1957(1)

1967(2)

lon 1957
1964 (1)
1965(4)

1967
Sth 1957
1967
SgFe 1957
1967
605, 1957
1967

8500 1957

1964
1965
1967

1957
1967

952r—Nb

1
l'OBa 1957

1967

pCi/g wet weight

Comparison of Concentrations of Gamma Emitting Radionuclides in Columbie

Sesslle Limpet
Green Caddisfly Soft Limpet
Plankton Algae Sponge Larvae Parts Shell Minnows
- 1730 ol T 70.6 - - 0.706( )
5690 3020 2130 968 87 wrs 0 3
— 7900 L580 6000 —— — 372
59500 43k00 10200 3590 1940 1080 ——
28400 32900 16000 4890 2260 1350 = (3
12600 10160 5060 3030 696 1060 17.6 ) 1
[ W]
. 1030 — 79.1 7
791 1080 603 Bl 136 359 o (3)
~— 1640 — - — — = (3
1250 1360 860 537 260 27k 28 ,4'3)
- 155 11.6 1,72 —— —— - (3)
h1 456 0 T 80 31 0
- 12300 1h60 1980 - - 162
14000 8870 3070 1970 2820 658 -
1910 3250 2500 1770 1360 3k6 ==(3)
4580 2050 1910 1790 1560 435 237
- 1790 — £6.3 - - —
953 380 553 156 109 13 0
- 901 —_— 2,2 - — ~=(3)
1910 459 510 367 96 117 0
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are available prior to 1960. Analysis of these early data are also
subject to the same qualifications mentioned in the previous section
camparing total beta activity.

Comparison of the concantrations of gamma emitting radionuclides are
given in Table 1. All data presented in this table were collected during
approxizately the same time of year (August-October) and from the same
general ares of fhe river immediately dewnstream from 100-F area.

Similar to the total beta measurements, no consistent tize related

trends in the concentrations of specific radionuclides is apparent,

Effects of Reactor Shutdown

The shutdown of the reactors in July and August of 1966 produced
marked results in the concentrations of radionuclides in the biota.
Concentrations of radionuclides decreased rapidly to varying levels.
Chromium-51 end phosphorus-32 decreased two to three orders of magnitude
in the lower treophic levels; phosphorus-32 levels vere not measurable
within about seven days after shutdown and chromium-51 levels were below
detection limits after about five weeks. The declines in concentrations
of zinc-65, mangsnese-5h, and iron-59 were much less and measurable amounts
remained present at all times, Decreases of an order of magnitude,
hovever, were common in most organisms, In fish, phosphorus-32 was
lost rapidly and zinc-65 more slowly.

The fact that some elements remesined present in measurable guantities

_suggests that quantities of these isotopes were still being contributed
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to the river. Two sources contributed radicnuclides to the water during
shutdewn: (1) 2 small azount of certain nuclides from water puzped through
the resacisr cooling s"ste:g, and {2) release of radionuclides sorbed to
the river sedinments. Estimates of the percentage decrease of several
radicnuclides frez MeNary Reservoir sedizents due to leaching and scouring
during the shutdewn period have been measured (20). ‘These range from
20% for chremiun-31 and scandium-46 to S0% for zinc-65 and 75% for
menganesa-54 and cchalt-60. Cycling of these elements probably provided
the radicnuclides which were present in thg biota during shutdown,
All crgzniszs rapidly accunulated the radionuclides following resumption
ol raacicr cperaticn and near egquilibrium concentrations in most organisms
w2re arrroached within tvo or three weeks. Figures 24 and 25 present typical
curves showing the influence of the reactor shutdown on radicnuclide
ccncentrations in net plankton and shiners. A fuller description has
teen published (11).

The changes in zine-65 concentration, due to reactor shutdown, were

measured in esituarine juvenile starry flounders {Platichthys stellatus)

nezr she meuth of the Columbia River (21). ter correction of about 19
days for river flow time between Hanford and the river mouth, a lapse of
nesrly 2 Zonth occurred before a significant decline in zine-65 con-

centration was noted in the starry founder., This is comparable to the

%ime Liran tefore a marked reduntion in zine-65 was evident in shiners
£5iiart~: naar the reastors (Fig., 25). After the reactors resumed
sm e .ls.. ' .o o= testh zitas approached a "normal" zinec-65 concentration



TABLE 1. {continued)

pCi/g wet weight

Sessile Limpet
Creen Caddisfly Soft Limpet
Plankton Algae Sponge Larvae Parts Shell Minnows
1ho
La 1957 - 3270 1230 3h7 - - -
196k 5900 1610 950 223 73 113 -
1965 2010 1760 1330 322 107 107 “=(3)
1967 k630 2hoo 2l0o 656 333 379 0
e 1957 - 2690 ho1 311 - - “(3)
1967 3010 1750 1080 38k 19 173 0
2 1957 -- 66000 K60 21,300 - - 21000 L
1966 3270 6560 3790 9688 7110 iy
1967 12800 15160 28200 19000 2310

(i) Davis, J. J., et al. 1958, Ref. T.
{¢) Present study September 1967 data.
\ 4) Present study September 1966 data

{4} {ushing, C. E. and D. G. Watson, 1966, Ref. 9.
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Concentration Factors

The concentration factor (CF) is an expression used to estimate the

degree to which an organisz concentrates a particular radicnuclide or

relement from the ambient water. It is calculated by dividing the pCi/g

wet weight of the organism by the pCi/ml of the same radionuclide in the

water. There has been a good deal of discussion as to the validity of

this measurement and a discussion of its present status hag been

published (22).

Figurs 26 presents the seasonal variations in the concentration
factors of zine-65, chromium-51, and phosphorus-32 in net plankton,

veriphyton, caddisfly larvae, 2nd redside shiner,

Analysis by Species

Zinc-65 and phosphorus-32 were concentrated to a higher degree by
net plankion than chromium-51, Zinc-65 CFs ranged from 3500 to 40,000
with low values occurring in summer and high values in winter. Phosphorus-
32 values ranged from 9000 to 68,000, and chromium-51 from LL0 to 9L400.
Zinc-65 and phosvhorus-32 CFs ranging from 300 to 19,000 and from 5000
to 118,000, respectively, have been reported for nét plankton in the
Columbia River in 1963-64 (23). These values include those of the
present study for phosphorus-32, but are lower for zine-65.

The seasonal variations observed in the plankton were also apparent
in the other organisms sampled. + is probably related more to the seasonal
dilution of radionuclides in the water by high suzmmer flews than to

seascnal changes in metatolic activity. The latter wouwld te exgected
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Analysis by Radionuclide

Zinc-65 CFs were highest in the autotrophic plankton and periphyton
and decreasad through the cmaddisfly larvae and shiners,

Phosphorus-32 CFs were higher in caddisfly la;vae, though only slightly
lower in net plankton; lowest values wers found in the shiners. No values
are availaple for periphyton since it was unavailabie during the period
for which we have phosphorus-32 water data.

Concentration factors for chromium-.5l, a biologically unizportant
element, were of a sizmilar order of magnitude for net plankton, perishyton,
and caddisfly larvae; levels were not measurable in shiners. Lower
values would be expected for this adsorbed element by caddisfly larvae
because of thelr amaller surface to volume ratio as comparad to those of
the algae.

These data conflict somewhat with the usually observed increase
in CFPs as one moves up the trovhie level, i.e., from asutotrophs to

herbivores.

Comparison with Total Beta CFs (1955)

Comparison of CFs for total beta, the only data available from the
earlier report (&), with those of phosphorus-32 from the present study
are tenuous because of the unknown contribution of other beta emitters
to the earlier data. Yevertheless, the majority of the actlivity was

probadly due to phosphorus-32, so comparative data are given in Table 2.



-37-

tc produce higher CFs durinz warm weather in summer and laow CFs in

s incor-

[

colder months. This pertains to that radicactivity which

sorated by metabolic vrocesses governed by temperature and not to that

&)
20

[N

adicactivity which is adsorbed and is a function of surface to voluze
ratics, Chremium-51, for instance, is not blologically imzortant and
i35 acsumuwlated by adsorpticn. 2Zine-65 is accumulated mainly by
adsorption by planktcon and periphyton but 5y food—chain absorption
by caddisflies.
Zine-65 C¥s in periphyton were again higher than those of chromium-51.
Values for zinc-65 ranged from S000 to 2&,000; for chreaium-5S1 from
500 to 4300, approximately an order of magnitude difference.
Phosphorus-32 CFs in Hydropsychidae were about an order of magnitude
higher than those for zine-65, which, in turn, were an order of magnitude
higher than CFs for chromium-51. Values ranged from 8430 to 100,000 for
phosphorus-32, 22,000 to 97,000 for zinc-65, and from 800 to 9900 for
caromium-51. Concentration factors of 100,000 for phosphorus, 2,000 for
chromium, and 40,000 for zinc have been reported for fresh water
invertebrates (2k). These are within agreement with the present results.
Concentration factors for both zinc-65 and phosphorus-32 were

considerably lower in shiners than in the net plankton, periphyton, or

caddisfly larvae. Concentraticn factors for zinc;65 ranged from 900 to

2200; for phospherus-32 from 1900 to b2G0O, Concentration factors of
100,000 for phesphorus, 200 for chremium, and 1000 for ziac have bean

I reported for freshwater fish (2k). Zinc-65 CFs for the shiners agree with
<0 iioe

+mage da*ta, but thescheris-Z2 CFs are zuch dillerent. Chromium-91 levels

wera novw measurable in shiners.
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values in Table 3 should be regarded as approximations.

Net plankton
Periphyton
Sponge
Caddis larvae

Lizopet
shell

soft pards
Shiner

C.5. sucker

muscle
carcass

Gut cont.

MATRT W
- LE 3.

Specific Activities, uCi/g

particularly Na and £, have provided questionable results, so that the
- = 3

P Na K Zn Fe ¥n Cr Co
6.03 2.24 24,6 0.62F 3.28 1830
k.93 20.3 0.76% 4,85 1570
1.17 1k.5 0.s17 2.Lb 972
2.76  0.185 13,3 0.701  3.35 4S9
1.47  0.0969 3.50 1.59 2.53 35.7
0.757 0.3ko 18.5 0.107 3.28 137 5.90
0.810 o0.162 16.8 L.s6 > 48,3
0.13% 0.130 0.00158 5.75 0.827 > 0.3ko
0.107 0.176 0.00307 6.71 0.62h 60 0.375
2.96 11.1 ©.0872 1.83 520 2.10

Table 4 lists some specifiec activities reported in the literature for

comparison with those in Table 3.

TABLE 4, Specific Activities
in P Mn Reference
Clam, soft paris 250 25 26
Clam, soft paris 3000 27
Fish, whole 0.5 8
Chircncmii larvae 1 3
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TABLE 2, Concentration Factors - Total Beta (1953),
Phosphorus-32 (1966~67)

Total Zeta ‘_ Phosshorus-32
Averaze Maxinum Range
Net plankton 1600 2500 9000 - 68,000
Caddisfly 1300 3000 8L00 -~ 108,000
Shiners L70 aca 1900 - L20C

In all cases, data from this study showed marked increases over
results from the earlier studies. This may be partially related to

improved radiocanalyticel techniques.

Svecific Activity

The specific activity of an element in an organism {ratio of radio-
active to stable atoms} is perhaps the best measurement of the ecological
demand for that element, assuming that certain limitetions are met {25).
Use of gpecific activities allows cone to predict expected contamination
levels in organisms i< the stable concentrations are known for the
organism and the media and also the expected environmental levels of
contanination.

Table 3 presents the specific activities for eight elexzents in

representative Columbia River bilota sampled in November and December

a

1946, Since the stable element analyses for these data were done, we have

tecome aware that the techniques used for analyzing certain elements,
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view of the environxental and technological changes which have
occurred, this was quite unexpected.

L. No consistent time related trends were apparent in the gamma activity
meagurenants between the present data and tﬁat.collected prior to
1956.

5. The shutdown of all reactors for several weeks during this study
produced marked changes in the radionuclide concentrations in the
biota. Levels of most nuclides dropped several orders of magnitude
and many were undetectable. Measurable amounts of certain isoctopes
ware present from radicactivity recycled from the sediments or small
amounts coming from the reactor effluents. fter the reactors
resumed cperation, levels increased rapidly to pre-shutdown levels
or higher,

6. Concentration factors were highest for the bioclogically important
radionuclides phosvhorus-32 and zinc-65 and were highest in the
primary producers, net plankton and periphyton, and decreased in
higher trophic levels.

Selected specific activities are presented and compared with values

from the literature.
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The closest agreement is hetween the specific activities for
phosphorus in the chironomid larvae (L) and that for the caddis larvae
(2.76). For comparison, the specific activity of Columbia River water

-~ in January 1964, was 3.8 for phosphorus and 225 for zine.

CONCLUSIONS
A study of'radionuclide concentration levels in Columbia River biota
was undertaken to (1) define the interspecies and seasonal variations

in the concentration of several of the more biologically important

radionuclides, and {2) update the findings of some of the earlier

investigations.

l. Concentrations of radionuclides in‘the Columbia River water are
generally inversely proportional te flow levelsa, with highest wvalues
in winter and lowest in summer, This is related %o dilution by
seasonal runoff,

2. Concentrations of most radionuélides in the biota followed a pattern
of high levels in winter followed by low concentrations in summer.

There were often indications of an increase in concentration Just

after levels started to decline in spring. This may be attributad
to improved light and temperature regimes which favored metakolic
uptake; this increase, however, was goon overwhelmed by the dilution

T of radionuclides by the spring runoff.

Lad
.

A remarkable similarity in total beta concentration was observed

between the nresent data and that collected pricr to 1956. In
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